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Abstract
To one-loop order andO(em), the electromagnetic mass splittings of , a1, K, K1(1400),
and K(892) are calculated in the framework of U(3)LU(3)R chiral eld theory. The
logarithmic divergences emerging in the Feynman integrations of the mesonic loops
are factorized by using an intrinsic parameter g of this theory. No other additional
parameters or counterterms are introduced to absorb the mesonic loop divergences.
When f,m and ma are taken as inputs, the parameter g will be determined and all
the physical results are nite and xed. Dashen’s theorem is satised in the chiral
SU(3) limit of this theory, and a rather large violation of the theorem is revealed at
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the order of ms or m
2
K . Mass ratios of light quarks have been determined. A new
relation for electromagnetic corrections to masses of axial-vector mesons is obtained.
It could be regarded as a generalization of Dashen’s theorem. Comparing with data, it
is found that the non-electromagnetic mass dierence of K is in agreement with the
estimation of Schechter, Subbaraman,and Weigel.
1 Introduction
Calculating the electromagnetic mass splittings of the low-lying mesons is an important
issue in non-perturbative quantum chromodynamics(NP-QCD). This topic has intrigued
particle physicists for many years[1{9]. Recently, a chiral eld theory of pseudoscalar, axial-
vector and vector mesons(called as U(3)L  U(3)R chiral elds theory of mesons)has been
proposed[10, 11]. This theory can be regarded as a realization of chiral symmetry, current
algebra and vector meson dominance(VMD). In this paper, we try to present systematical
calculations of electromagnetic masses of , a1, K, K1(1400) and K
(892) in the framework
of this theory.
It’s well known that chiral perturbation theory(PT) is rigorous and phenomenologically
successful in describing the physics of the pseudoscalar mesons at low energies[12]. The
eective Lagrangian of PT depends on ten chiral coecients which are determined by
comparison with the experimental low-energy information. Models attempt to extend the
PT to include more low-lying mesons should predict these ten coecients by tting data
in PT. U(3)L  U(3)R chiral eld theory has been studied at the tree level[11], and the
theoretical results agree well with data. This theory has also been successfully applied to
study  mesonic decays systematically[13]. In Ref.[14], the ten coecients of PT have
been predicted at about   2GeV in this theory. The coecients of PT are expressed




which have been xed in[10, 11]. The
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authors of Refs.[15, 16] have found that the vector meson dominates the structure of the
phenomenological chiral Lagrangian. Two of the coecients obtained in Ref.[10] are the







found in Ref.[14] have already been obtained in Ref.[16]. A very small L8 predicted in Ref.[14]
is not in contradiction with LV8 = 0 found in Ref.[16]. The expression of L9 presented in





is the same as the expression presented in Ref.[14].
In Ref.[17], starting from the U(3)LU(3)R chiral elds theory of mesons, the authors use
the path integration method to derive L1; L2; L3; L9 and L10. The results are in agreement
with the experimental values of the Li at  = m in PT. Therefore, the low-energy limit of
this theory is indeed equivalent to PT, and the QCD constraints discussed in Ref.[16] are
met by this theory.
U(3)L  U(3)R chiral elds theory of mesons provides a unied description of meson
physics at low energies. VMD in the meson physics is a natural consequence of this theory
instead of an input. Therefore, the dynamics of the electromagnetic interactions of mesons
has been introduced and established naturally. On the other hand, this theory starts with a
chiral Lagrangian of quantum quark elds within mesonic background elds, and the chiral
dynamics for mesons comes from the path integration over quark elds. A cut-o (or g
in Ref.[10]) has to be introduced to absorb the logarithmic divergences due to quark loops.
Thus g(or ) will serve as an intrinsic parameter in this truncated elds theory. Therefore,
it is legitimate to use the g to factorize the logarithmic divergences of loop diagrams in
calculating the electromagnetic mass splittings of the low-lying mesons[18].
The basic Lagrangian of this chiral elds theory is(hereafter we use the notations in
Refs.[10, 11])






i i + !
! + a















 + fs fs) (1)
with
u(x) = exp[iγ5(ii + aK







































where i=1,2,3 and a=4,5,6,7. The  in Eq.(1) is u,d,s quark elds. m is a parameter related
to the quark condensate. Here, the mesons are bound states in QCD,and they are not
fundamental elds. Therefore,in Eq.(1) there are no kinetic terms for these elds and the
kinetic terms will be generated from quark loops.
According to Refs.[10, 11], the eective Lagrangian LRE and LIM can be evaluated by
performing the path integrations over quark elds. In order to absorb the logarithmic di-
vergences in the eective Lagrangian, as mentioned above, it is necessary to introduce a




























































Combining Eq.(4) with (6), and taking f,m,ma as inputs, the parameter g will be xed.
VMD has been well established in studying electromagnetic interactions of hadrons[19].
To the present theory, the interactions between photon and the vector meson elds of 0,!




































A − @A): (14)
Using Li(; γ; :::)j=;a;v we can calculate the following S-matrix
S = hjT exp[i
Z
dx4Li(; γ; :::)]− 1jij=;a;v: (15)

















where hj2ji = hj
R
d4x2(x)ji. We adopt dimensional regularization to do loop-calculations,
and use Eq.(3) to factorize the divergences. Thus, all of virtual photon contributions to the
masses of the low-lying mesons can be computed systematically and analytically.
The purposes of our investigations in this paper are threefold, which are stated as follows.
1. We try to present a systematical method to derive the electromagnetic masses of the
mesons by employing U(3)L  U(3)R chiral elds theory. Nearly thirty years ago, Das et
al.[1] obtained a nite result of +−0 mass-dierence by using current algebra techniques,
and especially relying on the second Weinberg’s sum rule to cancel the divergences in it
(further investigations on it, see[4, 5]). However, the second Weinberg’s sum rule is not
satised experimentally[20, 21, 22]. Actually, many people have found the existence of the
divergence in calculating the electromagnetic mass of −mesons in the eective chiral La-
grangian theories[6, 7, 8, 9]. Especially, in Ref.[6], when the corrections of perturbative QCD
to m+ −m0 were investigated in a chiral model, a dependence of m+ −m0 on ultraviolet
cuto has been revealed. In Refs.[8, 9], in order to remove this divergence, the counterterms
have been introduced. These facts mean that we could not expect such a cancellation be-
tween the divergent terms works without any additional assumptions, in particular, when the
strange-flavor mesons are involved. The method in this paper is systematical, and the loga-
rithmic divergences from mesonic loops can be factorized by using the intrinsic parameter(g
or ) of the theory. There is no need of introducing other new parameter or the counterterms
to absorb the mesonic loop divergences. The spirit of this method will be shown in Sec.2
by re-examining the calculations of electromagnetic mass dierence of charge and neutral
−mesons in the present theory.
2. It is straightforward to extend our method to the studies of the electromagnetic
masses of strange-flavor mesons. The smallness of u,d quark masses allows the calculations
in the chiral limit for non-strange mesons. However, the large strange quark mass will bring
a signicant contribution to the electromagnetic self-energies of the strange-flavor mesons.
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Dashen’s theorem[3] states that the square electromagnetic mass dierences between the









The subscript EM denoted the electromagnetic mass. The signicant SU(3) symmetry break-
ing will lead to the violations of this theorem. Furthermore, it has been known that the +{0
mass dierence is almost entirely electromagnetic in origin, however, the contributions of the
K+{K0 mass dierence are from both electromagnetic interactions and the u-d quark mass
dierence. Thus, it is of interest to calculate the electromagnetic mass dierence between
K+ and K0 to the leading order in quark mass expansion both to increase the understand-
ing of the low-energy dynamics and to aid in the extraction of current mass ratios of light
quarks. The latter reflects the breaking eect of isospin symmetry[5, 23, 24]. Therefore, the
quark mass term −  M (M=diag(mu;md;ms) is quark mass matrix), which represents the
explicit chiral symmetry breaking in the present theory, should be added into Eq.(1) when
the electromagnetic masses of the strange-flavor mesons are calculated. The nonzero quark
masses will yield the mass terms of pseudoscalar mesons in addition to LRE(Explicit quark
mass parameter do not occur in the abnormal part eective Lagrangian). To the leading or-
der in quark mass expansion,the masses of the octet pseudoscalar mesons have been derived


















(mu +md + 4ms)h0j   j0i: (17)
where h0j   j0i is the quark condensate of the light flavors[10, 26]
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3. All of the low-lying mesons including pseudoscalar, vector and axial-vector mesons
are involved in this theory. This makes it possible to evaluate the electromagnetic masses
of vector and axial-vector mesons besides pseudoscalar  and K. The electromagnetic mass








which could be regarded as a generalization of Dashen’s theorem. The electromagnetic
masses of K(892) are also derived. Using the experimental value of (mK+ − mK0), the
non-electromagnetic mass dierence of K+ and K0 is estimated. The result is close to the
one given in Ref.[27].
The contents of this paper are organized as follows: Sec.2, electromagnetic mass splitting
of −mesons. Sec.3, electromagnetic mass splitting of a1−mesons. Sec.4, we will extend
this method to the case of K−mesons, and give the violations of Dashen’s theorem at the
leading order in quark mass expansion. Sec.5, electromagnetic mass splitting of K1(1400).
Sec.6, electromagnetic mass splitting of K(892). Sec.7, the discussion and summary of the
results.
2 + − 0 electromagnetic mass dierence
In this Section and next Section,we will restrict our calculations in the two-flavor case because
the strange quark has no eect on the electromagnetic self-energies of pions and a1 mesons,
and the smallness of u,d quark masses allows the calculations in the chiral limit. Note that
the contributions from LIM are proportional to m2, which can be neglected in the chiral
limit. Thus, from LRE(Eq.(13) in Ref.[10]), the interaction Lagrangians contributing to
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where γ = (1− 1
22g2
))−1=2.
Using VMD, i.e., the substitution (9),and (18)-(20) we get all of corresponding photon-
interaction Lagrangians Lγγ;Lγ;Lγa and Lγ: Combining them with Lγ (Eq.(12)),
we can calculate S (Eq.(15)), and obtain the 
+−0 mass dierence due to electromagnetic
interactions. The corresponding Feynman diagrams are shown in Figures 1,2 and 3. Denoting
the corresponding S-matrices as S(1),S(2) and S(3) respectively, we have
S = S(1) + S(2) + S(3):
We will compute them up to O(e2) separately below. In order to show the gauge inde-
pendence of the nal results explicitly, we take the most general linear gauge condition for
electromagnetic elds to all diagram calculations in this paper. Namely, the A-propagator
with an arbitrary gauge parameter a is taken to be

(γ)

















Firstly, we compute S(1) (Fig. 1). From Eqs.(15),(12), (18) and (9), we have




































































 (x− y) as photon propagator within (to see Appendix A for details).
It is easy to check that the Eq.(22) can be re-obtain by the following steps: at rst,
computing Fig.(1a) by using Lγγ, secondly, substituting F
(γ)
 (x− y) for F
(γ)
 (x− y) in





in above is the consequence of VMD. This rule is generally valid for all VMD-process in the
two-flavor case and it is useful for practical calculations.
Using (16) and substituting (23) into (22), we get the total contributions of Fig (1a),





























where D = 4 − : According to the rule of dimensional regularization, i.e. ’t Hooft-


















































































d4xa(x)a(x) (to see Eq.(27)) has been used. From
Eq.(28) the gauge- dependent term of Γ2(p












This term equals to zero according to ’t Hooft-Veltman Conjecture in dimensional regular-





















































2 = 0) (31)
where
Γ3(p
































Using dimensional regularization, we have Γ3(p
2 = 0) = 0 , then S(3) = 0 and
(m2+ −m
2
0)3 = 0: (33)




















































































It is essential that the logarithmic divergence in (35) (or (36)) can be factorized by using the
















where Eq.(6) has been used. When g is determined,  will be xed, and the nal result of
(35) is nite.
The determination of g can be done by taking f, m and ma as inputs.Substituting
f = 0:186GeV;m = 0:768GeV and ma = 1:20GeV into Eqs.(4)and (6), we obtain





2 = 2m  5:3MeV (39)
which is in reasonable agreement with the experimental value of 2m  4:6MeV [22].
3 a+1 − a
0
1 electromagnetic mass dierence
The interaction Lagrangians contributing to a+1 − a
0






















































































The corresponding photon-a1 interaction Lagrangians Lγγaa;Lγaa and Lγa can be con-
structed by the substitution (9) and Eqs.(40)-(42). It is similar to the preceding section
that these Lagrangians and Lγ (Eq.(12)) provide the dynamics for the mass splitting of a1
due to electromagnetic interactions. The Feynman diagrams are shown in Figures (4), (5)
and (6). The corresponding S-matrices are denoted as Sa(1); Sa(2) and Sa(3), and
Sa = Sa(1) + Sa(2) + Sa(3): (47)
We calculate Sa(1); Sa(2) and Sa(3) separately in the following.
For Fig.(4), from Eqs.(40) (9) and (12), we have













































where i = 1; 2.



























































k [−(3b2 − 4b+ 4)







(bk2 − 2(1− γ2)p  k)2]g (51)
where b = 1− γ
2
2g2
, and p is the external momentum of a1-elds. The Fourier transformation








p2 = m2a; and p
ai(p) = 0: (52)

























































(c1 − 2c2p  k + c3k2)2
k2
]g (54)
It needs to be checked that (m2a+−m
2
a0)1;2;3 are gauge-independent. The gauge-dependent
terms of (m2a+ −m
2
a0)1, which come from Fig.4a, will vanish according to the rule of dimen-
sional regularization.
The gauge dependent terms in Sa(2)(to be denoted as Sa(2)G) come from Fig.5a. Using





































(k2 − 2p  k)]g (56)
where a0 is gauge parameter. ’t Hooft-Veltman Conjecture will make sure that Sa(2) is gauge
independent.


































The third term will vanish because of dimensional regularization. By Eq.(5) and the deni-
tion of c1 and c2, we obtain that c1 − c2m2a = 0. Thus the Sa(3)G = 0.
The g has been determined in Eq.(38) and the logarithmic divergences in the above
Feynman integrations(Eqs.(49),(51) and (54)) can also be factorized by using Eq.(37), so
there are no any further unknown parameters in the expressions of (m2a+ −m
2
a0)1;2;3. After a
long but straightforward calculation, we can get the nal results for (m2a+ −m
2
a0)1;2;3, whose

















2 = −2ma  0:57MeV (60)
4 K+-K0 electromagnetic mass dierence and the vio-
lation of Dashen’s theorem
In this Section and next two Sections, our method is extended to the studies of the electro-
magnetic self-energies of the strange-flavor mesons. As mentioned above, the large strange
quark mass will result in the SU(3) symmetry breaking playing an important role in these
calculations. Dashen’s theorem, which states that the electromagnetic contributions to the
dierence between the mass square of kaons and pions are equal, is valid only in the chiral
SU(3) limit. Corrections to the electromagnetic self-energies to the leading order in quark
17
mass expansion are sure to lead to the violation of Dashen’s theorem. Therefore, it is nec-
essary to evaluate the electromagnetic self-energies of the strange-flavor mesons and the
corrections to Dashen’s theorem to the order of ms or m
2
K .
From Eq.(3) in Ref.[11](LRE), the interaction Lagrangians which can contribute to elec-
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Where v denotes the vector mesons including ,! and . v8 = ! −
p
2, @
 = @@ .
Distinguishing from the case of massless pions system, the nonzero strange quark mass, i.e.




K0 from the abnormal part of the

























































































The interaction Lagrangians between the photon and K-meson LγγKK ;LγKK;LγK1K , and
LγKK can be obtained by the substitutions (9)-(11) and Eqs.(61)-(63) and (66). The Feyn-
man diagrams contributing to the electromagnetic mass dierence between K+ and K0 are
shown in Figs.(7),(8),(9),(10). The corresponding S-matrices are denoted as SK(1),SK(2),SK(3)
and SK(4) respectively.
In Sec.2, we obtain S by substituting 
(γ)
F (x − y) for 
(γ)
F (x − y) after computing
Fig.(1a) (2a) (3a). Here, the involved vector mesons are not only -mesons,but also ! and
-mesons. So it is not as simple as in the case of pions. Practical calculations will show that
we can get SK by changing the form of this substitution(to see Appendix B). Specically, for
















































Obviously, under the SU(3) limit, m = m! = m, 
(γv)
F1
will go back 
(γ)
F . However,
for SK(4), which receives the contributions from the abnormal part Lagrangian LIM , the

















































is dierent from 
(γv)
F1
(to see Appendix B).









































F 2K = F
2 + [
1 + (1− 2c
0
g






where p is the external momentum of kaons, and p2 = m2K on K-mass shell.



































X = 1(q + p) + 2(q
2q + p
2p)− 3(p  q)(q + p); (72)
q = p− k:
21





































Y = (1 + 3p
2 + 4q
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1 + 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and q = p− k.



































The gauge-independence of (m2K+−m
2
K0)1;2;3;4 should be examined. The gauge dependent
terms in (m2K+ − m
2
K0)1 will vanish according to ’t Hooft-Veltman Conjecture, which are
similar to the cases of S(1) and Sa(1).
The gauge independent terms in SK(2)(to be denotes as SK(2)G) come from Fig.(8a).














From Eq.(72), we have
Xk
 = −1(q
2 − p2)− 2(p
2 − p  k + k2)(q2 − p2) + 3(p
2 − p  k)(q2 − p2)
Mass shell condition leads to p2=m2K , so the term (q
2 −m2K) in the denominator of SK(2)G
will be reduced. This means that the contribution of SK(2)G is zero in the framework of the
dimensional regularization.












































W2 = 1 + 4k
2 − 6p  k;
6 = 2γc
0fk:
The contributions of the second and third terms in Eq.(77) are zero because of ’t Hooft-
Veltman Conjecture. Since our calculations are only to the order of m2K , the denominator




= 0 ,which can be easily obtained by Eq.(7), has been used. Thus, the SK(3) is
gauge independent.
The gauge dependent terms SK(4)G(Fig.(10a)), which receive contributions from the























It is obvious that SK(4)G will vanish because of the totally antisymmetric tensor  .
From Eqs.(70)(71)(73)(75), It is not dicult to conclude that the contributions of SK(2)
and SK(4) are proportional to p
2. So in the chiral limit, p2 = m2K = 0, only SK(1) and SK(3)
contribute to (m2K+ −m
2



































Taking fk = f, m = m! = m, and mK1 = ma, the above equation reduces to Eq.(34).
This indicates that Dashen’s theorem is automatically obeyed in the chiral SU(3) limit of
the present theory. However, SU(3) symmetry breaking eects will lead to the violation




K0)1;2;3;4) which is evaluated
to the order of m2K can be read o from Eqs.(70),(71), (73),(75). It is straightforward
to perform these Feynman integrations, although the calculating processes and the results
are not as simple as that in the case of pions. We don’t present the nal expressions of
(m2K+ − m
2
K0)1;2;3;4 here. Note that only the logarithmic divergences are involved in the
above Feynman integrations, which can be factorized by using Eq.(37). fk is determined

























2 = 2mK  2:5MeV (80)











)EM = 1:08 10
−3GeV 2: (81)
The results show rather large violation of Dashen’s theorem, which is in correspondence with
the one by Donoghue et al.[5] and Bijnens et al.[6, 29].
It has been known that mass dierence between K+ and K0 receives the contributions












Employing the value of (m2K+ −m
2
K0)EM and experimental data of mass dierence between




2 = −2mK  6:4MeV (83)
The use of the result of (m2K+−m
2







































The results are in agreement with the data of light quark mass ratios[19]. Similar results
are recently given by Bijnens et al.[30], Leutwyler[31] and Duncan et al.[32]. The value of
mu
md
= 0:44 reflects the breaking of isospin symmetry in the present theory.
Finally, using the value of ms = 17516MeV which is obtained with QCD sum rules[33]
in the MS scheme at scale  = 1GeV , we can calculated mu and md with the above mass
ratios. The result reads
mu(1GeV
2) = 3:8 0:3MeV; md(1GeV
2) = 8:7 0:8MeV;
5 K+1 −K
0
1 electromagnetic mass dierence
The Lagrangians LK1K1vv, LK1K1v and LK1Kv which contribute to electromagnetic self-





















































































































































The photon-mesons interaction Lagrangians can be obtained by combining the above La-
grangians with substitutions (9),(10),(11),and the corresponding Feynman diagrams have
been shown in Figs.(11),(12),(13). The examination of gauge-independence can be done in













































































k [−(3b2 − 4b+ 4)
































































































−m2K01 )i; i = 1; 2; 3:
This means that the square mass dierence coming from electromagnetic interaction between
the charged axial-vector mesons and their corresponding neural partners are equal in the







which is similar to Dashen’s theorem for the pseudoscalar  and K-mesons. Certainly, the
SU(3) symmetry breaking will bring about the violation of the above equation.















−m2K01 )3 = 0:001252GeV
2:
28
Thus, the correction of the electromagnetic mass to K1(1400) mesons is
(m2
K+1
−m2K01 )EM = −0:003003GeV
2 = −2mK1  1:1MeV (91)









6 K+-K0 electromagnetic mass dierence
The Lagrangians contributing to mK+ − mK0 come from both the normal part of the








































K− − @K−) +K0(@
 K0 − @ K0)]
+h:c: (94)
Substitutions (9),(10) and (11) together with Eq.(66),(93) and (94) will produce the
photon-K mesons interaction Lagrangian LKKγγ , LKKγ and LKKγ. The one-loop Feyn-
man diagrams contributing to electromagnetic mass splitting of K+ and K0 are shown in
Figs.(14),(15) and (16). The gauge dependent terms from Figs.(14a) and (15a) will vanish
in the framework of dimensional regularization, and one from Fig.(16) will also vanish due
29
to the totally antisymmetric tensor  in Eq.(66). It is straightforward to evaluate the
contributions to m2K+ −m
2
K0 from Figs.(14)-(16) one by one.































































































where p is the external momentum of K-mesons,k = p − q. For mass-shell K mesons,
p2=m2K,and p



















































The Feynman integrations of (m2K+−m
2
K0)1;3 are nite, only the logarithmic divergence
emerges in (m2K+ −m
2
K0)2, which can be factorized by using Eq.(37). The performing of

















2 = −2mK  1:76MeV (98)
However, mass dierence between K+ and K0 doesn’t only receive contributions from the
virtual photon-exchange,but also from the other nonelectromagnetic interactions, such as
isospin symmetry breaking, which is similar to the case of pseudoscalar-K mesons. So we
have
(mK+ −mK0)EXPT = (mK+ −mK0)EM + (mK+ −mK0)nonEM (99)
Using the experimental value of (mK+ −mK0)EXPT = −6:7 1:2MeV [22], we obtain
(mK+ −mK0)nonEM = −4:94 1:2MeV (100)
The nonelectromagnetic mass dierence of (mK+ − mK0)nonEM ,which comes from
isospin breaking eects, has ever been evaluated[27, 34]. In Ref.[27], J.Schechter et al.
predicted that (mK+ −mK0)nonEM would be from −2:04MeV to −6:78MeV . By choosing
the best tted parameter, they concluded that (mK+ −mK0)nonEM=−4:47MeV , which is
close to our result of Eq.(100).
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7 Summary and Discussions
In the framework of the present theory, the dynamics of meson-elds comes from the quark-
loop integrations within mesonic background elds. The logarithmic divergence due to the
quark-loop integrations is absorbed into the parameter g (Eq.(3)) in this truncated eld
theory. Thus, both meson’s eective Lagrangians with VMD and criterion to factorize the
logarithmic divergences in the loop calculations are well established. In this paper, by using
this theory, we have computed all one-loop diagrams contributing to the electromagnetic
mass splitting of the low-lying mesons including pseudoscalar mesons  and K, axial-vector
mesons a1 and K1(1400), and vector meson K
(892). Fortunately, no other higher order
divergences but the logarithmic divergences are emerging in the Feynman integrations of the
above loop diagrams. Therefore it is reasonable to factorize these logarithmic divergences
by using the intrinsic parameter g in this theory, which is determined by the experimental
values of f,m and ma1 . Then, it is unnecessary to introduce other additional parameters
or counterterms into this theory to absorb the mesonic loop divergences. The dimensional
regularization has been employed and the gauge-independence of the calculations is exam-
ined.
The electromagnetic mass splittings of  and a1 are calculated in the chiral limit because
of the smallness of u and d quark masses, and the result of m+ − m0 is close to the
experimental data. However, the electromagnetic mass splittings of the strange-flavor mesons
K,K1 andK
 have been evaluated to the order ofms orm
2
K because of the large strange quark
mass. Thus, a rather large violation of Dashen’s theorem (which holds in the chiral SU(3)
limit of the present theory)has been revealed at the leading order in quark mass expansion.
The mass ratios of light quarks has been calculated,and masses of u, d quarks have been
estimated by employing the value ofms obtained with QCD sum rules. It has been found that








is obeyed in the chiral SU(3) limit. Moreover, the non-electromagnetic mass dierence
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between K+ and K0 is estimated by using the experimental value of (mK+ −mK0) with
(mK+ −mK0)EM calculated in this paper.
The electromagnetic self-energies of the other low-lying mesons, such as vector mesons
,!,(1020),and pseudoscalar mesons ,0(960),also need to be evaluated. However, the
quadratic or more high order divergences will emerge in the Feynman integrations of the
loop calculations of ,!,and . It is unsuitable to factorize these higher order divergences by
the parameter g in which only the logarithmic divergence is involved. As for  and 0, U(1)
anomaly problem and the mixing of -0 should be taken into account. The investigation on
these problems is beyond the scope of the present work.
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Appendix A: Feynman Rules and the Photon Propagator Within 

































(x),!(x),(x), K1(x) and K(x).
2, The photon propagator within : From Eq.(22) and (12), we have

(γ)


















































































The photon propagator within  can be generalized to the photon propagator within v
including ,! and  to simplify the corresponding calculations of the strange-flavor mesons.





LKKvv has been shown in Eq.(61). The corresponding photon- mesons couplings LKKγγ,LKKγ
LKK!γ and LKKγ, which contribute to electromagnetic mass dierences between K+ and
34
K0, can be obtained by substitutions (9),(10) and (11). All the one-loop Feynman dia-
grams contributing to (m2K+−m
2
K0)1 are shown in Fig.(7a),(7b),(7c), and the corresponding


























































































































































































































(k) is exactly Eq.(68).
Similar procedure can be easily applied to Figs.(8),(9),and(10). We can conclude that
Figs.(7),(8),(9),which receive contributions from the normal part of the eective Lagrangian
LRE, yield the same expression of 
(γv)
F1
(k), however, Fig.(10), which is from the abnormal
part of the eective Lagrangian LIM , gives the form of 
(γv)
F2







(k) comes from that ! and  mesons elds are always appear
36
as the combination ! −
p
2 in LRE, but as the combination ! +
p
2 in LIM(to see
Eq.(66)).
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Figs.1,2,3 one-loop Feynman diagrams contributing to electromagnetic mass dierence be-
tween + and 0, the curly line is the photon-line.
Figs.4,5,6 one-loop Feynman diagrams contributing to electromagnetic mass dierence be-
tween a+1 and a
0
1, the curly line is the photon-line.
Figs.7,8,9,10 one-loop Feynman diagrams contributing to electromagnetic mass dierence
between K+ and K0, the curly line is the photon-line, v denotes neutral vector mesons
,! and .
Figs.11,12,13 one-loop Feynman diagrams contributing to electromagnetic mass dierence
between K+1 and K
0
1 , the curly line is the photon-line, v denotes neutral vector mesons
,! and .
Figs.14,15,16 one-loop Feynman diagrams contributing to electromagnetic mass dierence
between K+ and K0, the curly line is the photon-line, v denotes neutral vector mesons
,! and .
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